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Abstract 
Background: Symmetry between the left and right side of the body during locomotion is key 
in a coordinated gait cycle and is also thought to be important in terms of efficiency. 
Although previous studies have identified aspects of the gait cycle which are atypical in 
children and adults with Developmental Coordination Disorder (DCD), studies have not 
considered whether this could be explained by asymmetrical gait.  
Method and procedure: The current study included 62 participants with and 62 without DCD 
(aged 7-34 years). Participants were asked to walk continuously for 1 minute up and down a 
walkway while movement was captured using an optical tracking system. Measures of step 
length and step time were taken for both the right and the left leg and symmetry ratios were 
calculated.  
Results: The DCD group showed significantly higher symmetry ratios for both measures 
compared to the typically developing (TD) group, with approximately a third of DCD 
participants falling outside the normative range for symmetry. Furthermore, a relationship 
was found between movement variability and degree of asymmetry.  
Conclusions: These findings demonstrate an asymmetry in the gait of individuals with DCD 
which, despite improving with age, does not reach the same level as that shown by TD 
individuals.  
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What this study adds: 
1. The symmetry of step length and step time was considered in individuals with and 
without Developmental Coordination Disorder 
2. Both measures showed a greater degree of asymmetry in DCD compared to TD 
participants 
3. For both groups as age increased gait became more symmetrical 
4. Asymmetry was not related to general motor control 
5. Findings points towards asymmetry leading to a less efficient walking pattern in 
individuals with DCD 
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Introduction 
Safely walking about our environment is a skill which most of us take for granted, however, 
for some individuals this is far more difficult. One such population are individuals with 
Developmental Coordination Disorder (DCD). The Diagnostic and Statistical Manual of 
Mental Disorders, fifth edition (DSM 5) identifies four criteria for the diagnosis of DCD. 
These state that: motor coordination must be below the level expected given chronological 
age and opportunity for skill learning; motor deficits significantly interfere with activities of 
daily living and are not better explained by an intellectual disability, visual impairment or 
neurological condition; and that the onset of symptoms is in early childhood (American 
Psychiatric Association, 2013). DCD is thought to occur in between 2% (Lingam, Hunt, 
Golding, Jongmans, & Emond, 2009) and 5% of the population (American Psychiatric 
Association, 2013)  and is characterised by deficits in both fine and gross motor skill. 
Research demonstrates that these individuals do not grow out of their motor difficulties but 
rather that these persist into adulthood (Losse et al., 1991) with associated social and 
emotional problems (Kirby, Williams, Thomas, & Hill, 2013).  
 
Researchers and therapists working with these children often comment that they have a 
distinctly different pattern of gait (Gillberg, 2003) and that this seems to be ‘awkward’ 
compared to their typically developing peers (Parker & Larkin, 2003). In an attempt to 
capture the gait patterns of children with DCD Woodruff and colleagues devised a one-
dimensional measure of gait which combined spatial and temporal foot placement measures 
into one ‘value’. This value classified six out of seven children with DCD as having an 
‘abnormal’ pattern of gait (Woodruff, Bothwell-Myers, Tingley, & Albert, 2002). Although 
this confirms the anecdotal and qualitative observations it does not identify which aspects of 
gait are abnormal. In a bid to capture just that Deconinck et al. (2006) measured spatial and 
temporal aspects of gait while children walked on a treadmill. They found that children with 
DCD walked with shorter steps and at a higher frequency compared to typically developing 
(TD) controls. From their findings it was concluded that the shorter step length was due to a 
difficulty with balance control. However, treadmill walking can produce quantitatively 
different gait than walking on level ground (Savelberg, Vorstenbosch, Kamman, van de 
Weijer, & Schambardt, 1998) and so this difference between the groups may be an artefact of 
the method rather than a description of gait in DCD per se. Following this initial study two 
further studies considered traditional spatial and temporal measures of gait in children with 
DCD while walking on level ground and both reported no quantitative difference between 
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children with and without DCD (Cherng, Liang, Chen, & Chen, 2009; Deconinck, 
Savelsberg, De Clercq, & Lenoir, 2010). 
 
Given that these traditional measures of gait control did not yield group differences, a 
recently conducted  series of studies considered the variability of these spatial and temporal 
measures in both adults (Du, Wilmut, & Barnett, 2015) and children (Wilmut, Du, & Barnett, 
2016) with DCD. Similarly to Cherng et al. (2009) and Deconinck et al. (2010) no 
quantitative differences in absolute spatial and temporal measures of foot placement in adults 
with DCD were found, however, adults with DCD did show higher variability in normalised 
step length, normalised step width, double support and stride time compared to their matched 
controls (Du et al., 2015). Similarly, in children with DCD apart from normalised step width 
no group differences in absolute measures were found but differences in the variability of 
stride time and time spent in double support were found and both of these were more variable 
in the children with DCD.  Increased variability in children with DCD was also demonstrated 
by Rosengren et al. (2009) who used elliptical Fourier analysis. They found that children with 
DCD exhibited larger variation in the movement patterns of the right and left lower limbs as 
compared to their TD peers. 
 
One factor which could result in an elevated variability in the gait cycle could be asymmetry, 
i.e. a difference in the temporal-spatial parameters of gait for the right versus the left leg. A 
symmetrical walking pattern is seen as the most energy efficient way to walk (Draper, 2000; 
Goble, 2003). The stereotyped rhythmic pattern of locomotion is thought to be controlled by 
a central pattern generator (a neural circuit located within the spinal cord which controls the 
muscles of the corresponding limb; Calancie et al., 1994; Grillner, 1981) which is modulated 
by sensory input enabling a functional step pattern (Forssberg, 1985). Research in both 
human and non-human populations has demonstrated the independence of the left and right 
leg through the use of split-belt treadmills. When the belts are run at different speeds, cats 
(Forssberg, Grillner, Halbertsma, Rossignol, 1980), human adults (Dietz, 2001; Jensen, 
Prokop, & Dietz, 1998) and human infants (Yang, Lamont, & Pang, 2005) maintain 
coordination while their limbs operate independently, with the limb on the faster belt taking 
more steps. Essentially this evidence demonstrates that the pattern generator for each limb is 
autonomous but interacts with its counterpart for the contralateral limb (Yang et al., 2005). 
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Inter-limb symmetry is often assumed for the typical population (Eng & Winter, 1995; 
Hannah, 1984). A handful of research studies confirm this assumption and have found 
symmetry for vertical and horizontal reaction forces of typically developing adults and 
children (Claeys, 1983) and symmetry in measures such as step length, time spent in swing, 
stance and double support in a group of healthy older adults (Patterson, Gage, Brooks, Black, 
& Mcllory, 2010). In contrast, asymmetries in the gait patterns of typical individuals have 
also been identified. For example Gundersen et al. (1989) reported significant differences 
between limbs for the amount of time spent in stance and maximum knee extension and 
(Barr, 1987) reported asymmetries in step length, maximum knee flexion during stance and 
swing in five healthy men. It appears that the assumption of symmetry for typical participants 
is dependent to some extent upon the variable being measured and additionally the way in 
which symmetry is defined. For example, Herzog, Nigg, Read, & Olsson (1989) described 
symmetry in gait as the perfect agreement between the left and the right limb, whereas 
Griffin, Olney, & McBride (1995) suggest symmetry is only present when there are no 
statistical differences in parameters measured bilaterally. More recently, Patterson et al., 
(2010) have identified a normative range for symmetry values of 0.98-1.08, suggesting that 
symmetry may not indicate perfect agreement. The discord in the definition of asymmetry 
clouds our understanding of whether gait is truly symmetrical. However, studies which 
compare symmetry in children have demonstrated a clear developmental shift towards 
symmetry from 1.25 to 5.25 years (Bosch & Rosenbaum, 2010) which continues into later 
childhood (Diopa et al., 2004) and even into adolescence (Wheelwright, Minns, Law., & 
Elton, 1993).  
 
In support of a possible asymmetry in children with DCD a recent study by Chia, Licari, 
Guelfi, & Reid (2014) demonstrated significantly greater joint asymmetry between the right 
and left ankle in children with DCD compared to typically developing children while 
performing both an overground and a treadmill running task. Furthermore, Rosengren et al. 
(2009) study and Parker & Larkin (2003) qualitative study both highlight possible 
asymmetries in the gait patterns of children with DCD. However, despite this evidence there 
has been little consideration of asymmetry in classical spatio-temporal measures of gait (step 
length and step time) in individuals with DCD and therefore, it is not clear whether this is a 
potential explanation for the increased variability seen in gait in this population. The aim of 
the current study, therefore, was to measure symmetry in a group of individuals with and 
without DCD. We included both children and adults in this study as this enabled us to 
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consider age related changes (from childhood to early adulthood) in asymmetry in both of 
these populations. Given that it has been shown that DCD often persists into adulthood, 
understanding how key skills like gait develop and how this differs from typical development 
is important, especially given that the increased variability described above is seen in both 
child and adult populations. The body undergoes vast changes in strength and size from 
childhood to adulthood which may affect gait pattern, however, as this study concerns the 
gait pattern on one side of the body as compared to the other side and this is compared within 
individuals there is no reason that these changes would affect our results. Both spatial and 
temporal measures of gait have been included and a ratio between the left and right leg has 
been calculated (both in line with Patterson et al., 2010). Given previous research we would 
expect to see clear asymmetries in the individuals with DCD as compared to the TD group 
and we would expect for these to show a decline as age increases. 
 
Methods  
 
Participants 
This project was approved by the host institution’s research ethics committee. Sixty two 
participants with DCD (aged from 7-34 years) and 62 age (to within 6 months) and gender 
matched typically developing individuals were recruited for this study. Participants with 
DCD were recruited from two sources: a group known to the authors from previous studies 
and a local support group for individuals with DCD and their families. All participants with 
DCD were assessed and selected in line with the DSM-5 criteria for DCD and with recent UK 
guidelines (Barnett, Hill, Kirby, & Sugden, 2015). For individuals under 18 years of age 
(N=44 participants with DCD) the test component of the Movement Assessment Battery for 
children second edition (MABC-2; Henderson, Sugden, & Barnett, 2007) was used to 
determine motor skill below the level expected for the individual’s chronological age 
(criterion A). For individuals over 18 years of age there is currently no assessment test which 
is appropriate for use in the UK, therefore, a combination of the MABC-2 and the Bruininks-
Oseretsky Test of Motor Proficiency, Second Edition, Brief form (BOT-2 Brief; Bruininks & 
Bruininks, 2005) were used. Participants with DCD scored below the 9th percentile on the 
MABC-2 and below the 18th percentile on the BOT-brief. For criterion B, the motor 
impairment significantly impacts on daily living, the MABC-2 Checklist (Henderson et al. 
2007) and a telephone interview with the parent were used for individuals under 18 while the 
Adult DCD/Dyspraxia Checklist (ADC; Kirby, Edwards, Sugden, & Rosenblum, 2010) and a 
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telephone interview were used for participants over 18. For all individuals with DCD the 
telephone interview was also used to determine that the onset of difficulties was in early 
childhood (criterion C) and that the difficulties were not due to a known neurological 
impairment or intellectual disability (criterion D). Parents of the TD participants who were 
under 18 and TD participants over 18 completed a telephone interview to confirm that no 
movement difficulties were present. In addition, none of the participants had any physical 
abnormalities which would have precluded a symmetrical gait pattern. Participant details can 
be found in Table 1. 
 
Given the co-occurrence of motor and attention difficulties, all parents of participants under 
18 years completed the Strengths and Difficulties Questionnaire (SDQ; Goodman, 1997) 
while participants over 18 years of age completed the Conners Adult ADHD rating scale 
(Conners, Erhart & Sparrow, 1999). We focused on the inattention/hyperactivity subscale and 
used the classifications specified by the tests. Fourteen of the participants with DCD under 18 
had high or very high scores on this subscale compared to none of the typically developing 
children and none of the adults showed above average scores. Running analyses both with 
and without these children did not alter the outcome of the findings and so these individuals 
were included in the study. 
 
Table 1. Participant details for both the TD group and the group with DCD. 
 TD DCD 
Mean age 15: 11 15: 11 
Age range (years: months) 7: 8 to 34: 6 7: 2 to 34: 2 
Gender ratio (M:F) 47:15 47:15 
MABC-2 percentile score 59 2.56 
MABC-2 percentile range - 0.1-9 
BOT-2 Brief percentile score*  - 5.48 
BOT-2 Brief percentile range*  - <1-18 
MABC-2 checklist (N of 
participants in ‘red range’)** 
- 43/44 
ADC total*  - 65.6 
*Scores given are only for participants over the age of 18 years 
**Scores given are only for participants under the age of 18 years 
 
Apparatus and procedure 
Participants completed a single walking task during which they walked bare foot on a surface 
made from high-density foam sports mats. Movement was tracked using a VICON Nexus 3D 
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motion capture system with a minimum of 6 and a maximum of 16 cameras running at 100 
Hz. Four reflective markers (9.5 mm in diameter) were attached to the skin at bony 
landmarks: the second metatarsal head (toe) on the left and right foot, and the lateral 
malleolus (ankle) of the left and right foot. Participants walked at a comfortable pace up and 
down a 10 m long by 1 m wide walkway for one minute, prior to data capture participants 
were familiarised with the walking surface. Movement data were captured during the middle 
4 m of each 10 m walk in order to eliminate periods of acceleration and deceleration.  
 
Data analysis 
VICON movement data were filtered using an optimised low pass Woltring filter with a 12Hz 
cut off point and then analysed using tailored matlab routines. For each stride we classified 
heel strike (HS) and toe off (TO) events, based upon the foot velocity algorithm (FVA,  
(O'Connor, Thorpe, O'Malley, & Vaughan, 2007). We analysed the maximum number of 
strides we had for each participant in order to maximise our dataset. This resulted in an 
average of 19.4 strides for the participants with DCD compared to 18.9 strides for the TD 
participants. For each stride step length and step time was calculated: Step length, the 
anterior-posterior distance between the ankle marker of the front foot and the ankle marker of 
the back foot at each HS; and Step time, the time between TO and HS, i.e. swing time. 
Following these calculations a symmetry ratio was calculated for each measure. When 
calculating the symmetry ratio we followed the suggestions made by Patterson et al. (2010), 
i.e. taking a ratio between the left and right foot but ensuring the denominator is always the 
larger value for ease of interpretation. The effect of this is that the ratio is always greater than 
1, with a value of 1 indicating perfect symmetry between the limbs with asymmetry 
increasing as the ratio increases. When calculating the symmetry ratio we calculated it for 
every stride and then averaged together these ratios to obtain a single ratio for every 
participant. Finally, a measure of variability of step length and step time was taken, this was 
calculated for each participant individually taking the standard deviation of step length/time 
across values prior to calculation of symmetry. 
 
Statistical analysis 
Due to the large age range but no really clear theoretical way to divide these participants into 
groups we ran a MANCOVA using the two outcome measures as dependent variables, age as 
a covariate and group as the independent variable. This allowed us to keep age as an interval 
variable while still considering whether any age effects were present. Pillai’s Trace is 
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reported and partial eta squared is given as a measure of effect size. Results for individual 
participants were then categorised as falling into a symmetrical or asymmetrical gait category 
according to Patterson et al’s (2010) normative range of symmetry values of 0.98-1.081. The 
level of significance was set at 0.05. To determine the relationship between symmetry and 
variability we used linear regression with variability measures as the outcome variable and 
age in months, group and symmetry ratio as the predictor variables.  
 
Results 
 
MANCOVA (group x age as a covariate) was used to examine symmetry ratios, data can be 
found in Table 2. An overall significant effect of group was found [F(2,120)=5.59 p=.005 

2=.09], indicating a higher asymmetry in the individuals with DCD compared to the 
typically developing individuals. In addition, age was also significant [F(2,120)=3.98 p=.021 

2=.06] indicating a change in symmetry ratio alongside the change in age. When 
considering the two dependent variables separately, both showed a significant main effect of 
group [step length ratio: F(1,121)=6.82 p=.010 2=.05, step time ratio: F(1,121)=10.80 
p=.001 2=.08] and a significant main effect of age [step length ratio: F(1,121)=5.23 p=.024 

2=.04, step time ratio: F(1,121)=7.53 p=.007 2=.06] confirming the general conclusions 
given above for both the step time ratio and the step length ratio.   
 
Table 2. Table indicating the step length and step time ratio for both the TD and DCD participants. The absolute 
difference between the left and right foot is also given for reference. Standard deviation is given in brackets. 
 TD DCD 
 Ratio Difference (cm) Ratio Difference (cm) 
Step length Ratio 1.06 (0.03) 
range: 1.02-1.16 
2.84cm (1.25) 1.09 (0.08) 
range: 1.02-1.40 
3.54cm (1.98) 
Step time Ratio 1.05 (0.02) 
range: 1.02-1.11 
20ms (20) 1.07 (0.03) 
range: 1.02-1.20 
20ms (10) 
 

Nineteen  individuals with DCD (31%) and 12 typically developing individuals (19%) fell 
outside Patterson et al’s (2010) normative range for symmetry for step length ratio. Twelve 
 
1 In this calculation Patterson et al. did not use the denominator as the higher value and so 
their range includes values less than 1. However, in their guidelines following presentation of 
this normative range they suggest that symmetry ratios should be calculated using the 
denominator as they larger value which we have followed in the current study. 
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individuals with DCD (19%) and 5 TD individuals (8%) fell outside this range for step time 
ratio. Of those participants just mentioned, 10 with DCD (16%) and 3 TD individuals (5%) 
fell outside the range for both step length and step time ratio. In order to further consider the 
individuals showing an asymmetrical pattern of gait we separated both the DCD group and 
the TD group into those participants showing asymmetry (in either step length or step time) 
and those not showing any asymmetry. Further analyses were then only carried out on those 
showing asymmetry. Data can be found in Table 3. A MANCOVA (group, with age as a 
covariate) found an overall significant effect of group [F(2,29)=3.84 p=.033 2=.21] which 
was reflected in both step length ratio [F(1,30)=4.56 p=.041 2=.13] and step time ratio 
[F(1,30)=5.19 p=.030 2=.15] and was due to a higher symmetry in the individuals with 
DCD who fell above the normative range compared to the typically developing individuals 
who fell above this range. No significant effect of age was found [p>.05].  In an attempt to 
identify differences between the sub-samples of participants with DCD we considered the 
difference in the MABC-2 scores of participants with DCD falling above the normative 
values (MABC-2 score – 2.61) compared to those falling within the normative values 
(MABC-2 score – 2.34), no significant difference was found in the MABC-2 scores across 
the two groups.  
 
Table 3. Symmetry scores for those individuals falling above the normative range of 1.08. 
Data given for both the TD and DCD group. Standard deviation is given in brackets.  
 TD DCD P value 
Step length 
ratio 
1.11 (.03) 1.17 (.10) p=.041 
Step time 
ratio 
1.07 (.03) 1.10 (.03) p=.030 
 
Relationship with variability 
In the introduction we suggest that the elevated variability seen in typical measures of gait 
(step length, step width, step time etc) could be explained by an asymmetry. We explored this 
idea by first considering the variability measures of step length and step time across group.  A 
MANCOVA (group, with age as a covariate) found an overall significant effect of group 
[F(2,120)=6.70 p=.002 2=.10] which was reflected in both step length ratio 
[F(1,121)=12.56 p=.009 2=.09] and step time ratio [F(1,121)=9.35 p=.003 2=.07] and 
was due to a higher variability values in the individuals with DCD (step length variability 
mean=39.59, SD=19.14, step time variability mean=.028, SD=.026) compared to the 
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typically developing individuals (step length variability mean=29.53, SD=11.59, step time 
variability mean=.017, SD=.011). No significant effect of age was found [p>.05].  
We then used regression analysis to consider whether the symmetry ratio, group and age in 
months can predict the level of variability seen. For step length we found a significant 
regression [R2=.51, F(3,120)=41.80 p<.001] with step length ratio and group being 
significant predictors of step length variability, as step length ratio increased step length 
variability increased. For step time we found a significant regression [R2=.38, 
F(3,120)=24.31 p<.001] with step time ratio as the only significant predictor, as step time 
ratio increased step time variability increased. All of the coefficients from both analyses can 
be found in Table 4.   
 
Table 4. Coefficients, t values and p values for the two regression analyses. 
 
 Unstandardised 
coefficients 
Standardised 
coefficients 
  
 B Std. Error Beta T p 
Regression 1: Step length variability 
Step length symmetry ratio 176.21 17.60 0.67 10.12 .001 
Group 5.06 2.16 0.15 2.34 .021 
Age in months .01 .01 .04 .58 .565 
Regression 2: Step time variability 
Step time symmetry ratio .430 .056 .593 7.67 .001 
Group .004 .003 .103 1.36 .17 
Age in months .002 .001 .101 1.37 .18 
 
Discussion 
 
The main aim of this study was to determine the symmetry of gait in children and adults with 
DCD compared to their typically developing controls. We have demonstrated a significantly 
higher symmetry ratio in our DCD group compared to the TD group in terms of step length 
and step time. This finding demonstrates a greater asymmetry in individuals with DCD 
compared to controls and supports previous qualitative assertions that this is the case (Parker 
& Larkin, 2003). In terms of variance explained we found that group membership explained 
5% of the variance in step length ratio and 4% of variance in step time ratio (age explained an 
additional 8% and 6% respectively). These values, derived from the effect sizes, can be 
classified as medium to small effect sizes (Cohen, 1988). Essentially this suggests that group 
membership, although important, may not be the most important factor in terms of explaining 
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variance in symmetry ratios. Our second analysis, focusing solely on those participants with 
marked asymmetries examines this further.  There has been some debate in the literature 
regarding exactly how symmetry should be classified, Herzog et al. (1989) advocated that 
only perfect agreement between the limbs should be classified as showing symmetry while 
(Griffin et al., 1995) take the slightly less conservative approach stating that no statistical 
differences between the left and right leg should be present to indicate  symmetry. In the 
current study we have adopted a normative range suggested by Patterson et al. (2010) to 
classify gait as symmetrical / asymmetrical. Using this criterion we demonstrated that some, 
but not all of the individuals with DCD showed asymmetrical gait and in fact, some of the 
typically developing individuals also fell outside this range. When considering group 
differences of just the sample falling outside this range asymmetry was significantly greater 
in the DCD group compared to the TD group for step length ratio. In terms of variance 
explained we found that group membership of this sub-sample explained 13% of the variance 
in step length ratio and 15% of variance in step time ratio. These values can be classified as 
large effect sizes (Cohen, 1988). Comparing this with the previous analysis suggests that 
group membership is far more discriminatory in terms of variance when comparing 
individuals with clear asymmetries.  
 
This increased asymmetry in the DCD group supports previous evidence demonstrating a 
greater asymmetry in children with DCD during walking (Rosengren et al., 2009) and whilst 
running (Chia et al., 2014). This greater asymmetry in step length and step time may explain 
earlier findings of an increase in variability of some spatial-temporal measures of gait in this 
population (Du et al., 2015; Wilmut et al., 2016)  since a disparity between the left and right 
would lead to a greater variability of movement when combining steps from both legs. 
Previous studies have identified proprioceptive feedback as being key in symmetrical 
walking patterns and that the increase in symmetry with age during early childhood is 
essentially due to an increased ability to use proprioceptive feedback (Bosch & Rosenbaum, 
2010). Research on DCD in areas other than gait  has identified a specific difficulty with the 
use and integration of proprioceptive feedback (Mon-Williams, Wann, & Pascal, 1999; 
Wann, Mon-Williams, & Rushton, 1998; Deconinck et al., 2008). Therefore, the apparent 
asymmetry in the individuals with DCD in the current study may be due to a generalised 
difficulty in this population with using / integrating proprioceptive information. However, no 
independent measure of proprioception was included in the current study and so we cannot be 
certain that those participants who demonstrated marked asymmetry would also demonstrate 
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poor proprioceptive ability, as the assertion above would suggest, future research is needed to 
clarify this point. Aside from this explanation it is possible that other factors may have 
influenced gait symmetry. In the current paper we demonstrate that general motor ability (i.e. 
MABC-2 score) does not appear to be one of these factors in the DCD group. However, 
factors such as postural control and joint range of motion may play a role in maintaining a 
symmetrical pattern of gait. Whether or not these play a role in the elevated levels of 
asymmetry seen in individuals with DCD is outside the scope of this paper, but is important 
when considering why this population may show elevated asymmetry. The current study is 
the first which considers explicit measures of asymmetry in children and adults with DCD. 
Although our results clearly show asymmetry in this population our findings are limited to 
only two outcome measures, step time and step width. Further work, with a greater range of 
outcome measures is needed in order to fully determine the nature of the asymmetry in this 
population. 
 
In the introduction we suggest that the elevated variability seen during gait in participants 
with DCD could be due to a greater asymmetry in this population. In the current study we 
found this characteristic of increased variability which replicates previous findings (in line 
with (Du et al., 2015; Wilmut et al., 2016) and then we also demonstrated a direct 
relationship whereby variability can be predicted by asymmetry. In fact, we demonstrated 
that 51% of variance in step length variability can be predicted by step length asymmetry and 
group membership and 38% of variance in step time variability can be predicted by step time 
asymmetry. Essentially these findings demonstrate that the variability we typically see in gait 
in individuals with DCD is in part due to a difference in the way the limbs are controlled and 
not just a generalised lack of motor control. This may point towards a poor level of 
interaction between the pattern generators for each limb.  
 
Given that our sample was taken across a wide age range we also considered the changes in 
symmetry that come with age by using age as a covariate. Initial analyses demonstrated that 
the symmetry ratio was influenced by age; as age increased symmetry ratios from all three 
measures decreased (i.e. participants moved towards a more symmetrical gait pattern).  The 
data are cross-sectional rather than longitudinal but this finding is in agreement with previous 
studies demonstrating a move towards symmetry as age increases (Bosch & Rosenbaum, 
2010; Diopa et al., 2004; Wheelwright et al., 1993). However, for the first time we have 
demonstrated a clear reduction in symmetry with age in a population with DCD. Thus, 
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although participants with DCD show a greater asymmetry, this decreases with age in the 
same way as their typical counterparts. This finding is in line with previous studies showing a 
clear developmental improvement in participants with DCD in terms of motor planning but 
one that is not sufficient to allow these individuals to ‘catch up’ (Wilmut & Byrne, 2014; 
Wilmut, Byrne, & Barnett, 2013). 
 
In conclusion, our findings suggest that the increased variability seen in previous studies in 
spatial-temporal gait patterns of individuals with DCD may be due to asymmetry across the 
left and the right leg. Since previous research demonstrates the importance of symmetry in an 
efficient walking pattern (Draper, 2000) these findings indicate that gait in a population with 
DCD may be inefficient and may use more energy than in a typical population.  Our findings 
suggest that this asymmetry declines with age but is still apparent in some individuals after 
18 years of age in both individuals with and without DCD.  
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